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[57] ABSTRACT 
The semiconductor memory element comprises two 
capacitors and a switching MOS transistor. A ?rst ca 
pacitor is constituted by a silicon semiconductor sub 
strate, a thin oxide ?lm and a ?rst doped polycrystalline 
silicon layer, and a second capacitor is constituted by a 
second doped polycrystalline silicon layer, a thin oxide 
?lm between the ?rst and the second doped polycrystal 
line silicon layers, and the ?rst polycrystalline silicon 
layer. Interconnection layers necessary to form a single 
transistor type dynamic memory cell are also provided. 

1 Claim, 5 Drawing Sheets 
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METHOD OF MANUFACTURING A 
SEMICONDUCTOR RANDOM ACCESS MEMORY 

ELEMENT 

This application is a division of application Ser. No. 
627,725 ?led July 3, 1984, now abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates to a semiconductor random 
access memory (RAM) element capable of providing a 
large scale integration and a method of manufacturing 
the same. ' 

FIG. 1 is a sectional view showing a prior art stan 
dard one transistor dynamic RAM element or cell 
which comprises one memory capacitor and a switch 
ing MOS transistor. 
The dynamic RAM cell is formed on a semiconduc 

tor substrate 1 including a thick ?eld oxide ?lm 2 and a 
channel stopping layer 3. The memory capacitor for 
storing information comprises a thin insulating ?lm 4 
and a metal plate 5. The switching MOS transistor also 
comprises a gate insulating ?lm 6, a gate electrode 7 
connected to an address line, a diffused layer 8 con 
nected to one end of the memory capacitor, and a dif 
fused layer 10 connected to a bit line 9. 
When an address line is selected, the switching MOS 

transistor is turned ON, permitting electric charge to 
flow either into or out of the memory capacitor when 
read or write selection is actuated. 

Recently, the memory cell size per bit is decreasing 
with years, and 256K bit dynamic RAM devices are 
ready for being placed on the market. 
However, the reduction of the memory cell size has 

weakened dynamic RAM devices in the immunity to a 
rays or noise. 
Under these conditions, with the prior art memory 

cell structure, it has been difficult to boost the packing 
density of IC memory devices without degrading the 
electrical characteristics. 

SUMMARY OF THE INVENTION 

An object of this invention is to provide a semi-con 
ductor dynamic memory element capable of providing 
an increased value of a memory capacitor, and a method 
of manufacturing the memory element. 
According to one aspect of this invention, there is 

provided a semiconductor random access memory ele 
ment comprising a silicon semiconductor substrate of 
one conductivity type; a ?rst dielectric layer placed on 
a selected surface of the semiconductor substrate; a 
common conductive plate placed on the surface of the 
?rst dielectric layer; a second dielectric layer placed on 
the surface of the common plate; a second conductive 
plate placed on the surface of the second dielectric 
layer; a MOS capacitor region constituted by the semi 
conductor substrate, the ?rst dielectric layer and the 
common conductive plate; another capacitor region 
comprising the common conductive layer, the second 
dielectric layer and the second conductive plate; and a 
switching MOS transistor region formed on the semi 
conductor substrate and adjacent to the capacitor re 
gion; the MOS transistor region having a gate electrode 
being connected to an address conductive line, a drain 
region being connected to. a bit conductive line and a 
source region being connected to the common conduc 
tive plate. 
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2 
According to another aspect of this invention there is 

provided a method of manufacturing a semiconductor 
random access memory element including two storage 
regions and a switching MOS transistor region, the 
method comprising the steps of preparing a silicon semi 
conductor substrate of one conductivity type; forming a 
?eld oxide region on the selected surface of the sub 
strate and a channel stopping layer of one conductivity 
type beneath the oxide region; forming a ?rst dielectric 
layer on the surface of the substrate; forming a ?rst 
conductive layer for a common capacitor plate on the 
surface of the ?rst dielectric layer; forming a second 
dielectric layer on the surface of the ?rst conductive 
layer; forming a second conductive layer for another 
capacitor plate on the surface of the second dielectric 
layer; applying an insulating ?lm on the surface of an 
assembly thus obtained; and forming a metal layer on 
the surface of the insulating ?lm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
FIG. 1 is a sectional view showing a prior art one 

transistor type memory cell; 
FIG. 2 is a plan view showing one embodiment of the 

semiconductor memory element according to this in 
vention; 
FIG. 3 is a sectional view taken along a line III-III 

in FIG. 2; 
FIG. 4 is a circuit diagram showing an equivalent 

circuit of the semiconductor memory element accord 
ing to this invention; and 7 
FIGS. 5a through 5f are sectional views showing 

successive steps of manufacturing the semiconductor 
memory element of this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In the embodiment shown in FIGS. 2 and 3, an N 
channel silicon gate MOS manufacturing process is 
used. 

In FIG. 3, one transistor dynamic RAM element or 
cell according to this invention comprises both two 
memory storage regions and a switching MOS transis 
tor region which are formed on a P-type silicon semi 
conductor substrate 51 having a thick ?eld oxide region 
52 and a channel stopping layer 53. The semiconductor 
substrate 51 is generally connected to a substrate bias 
potential. 
The storage region is constituted by a lower capaci 

tor C1 and an upper capacitor C2 thereon. The lower 
capacitor is a MOS capacitor and is formed with a thin 
dioxide ?lm 54 as a ?rst dielectric layer on the surface 
of the semiconductor substrate 51 and an impurity 
doped polycrystalline silicon layer 55 as a common 
conductive plate on the ?lm 54. Theupper capacitor is 
formed with a thin dioxide ?lm 56 as a second dielectric 
layer on the polycrystalline silicon layer 55 and an im 
purity doped polycrystalline silicon layer 57 as a second 
conductive plate on the layer 56. The polycrystalline 
silicon layer 57 is connected to the ground potential 
during operation. 
The switching MOS transistor region is formed with 

a gate oxide (SiOg) 59 on the surface of the silicon sub 
strate 51, an impurity doped polycrystalline silicon gate 
electrode 60 on the ?lm 59, an N+ diffused region 61 
acting as a source region, and an N+ diffused region 65 
acting as a drain region. The N+ diffused region 61 is 
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contacted with the end of the polycrystalline silicon 
layer 55. 
A phosphorus silicate glass (PSG) insulating layer 62 

is placed on the surfaces of the storage region and MOS 
transistor region to electrically isolate between conduc 
tive layers. An aluminum interconnection 64 acting as a 
bit line is placed on the surface of the insulating layer 62 
and is ohmicly contacted with the N+ diffused region 
65 through a hole 63. The polycrystalline silicon gate 
electrode 60 acts as an address line and extends in the 
direction perpendicular to the bit line 64 (see FIG. 3). 
When an address line is selected, the switching MOS 

transistor is turned ON to write the voltage on the bit 
line into the memory capacitors, or to read out on the 
bit line the charge in the capacitors. 
FIG. 4 shows a simpli?ed equivalent circuit of the 

memory cell shown in FIG. 3. 
A method of manufacturing the dynamic memory 

device described above will now be described with 
reference to FIGS. 5a-5f in which elements corre 
sponding to those shown in FIGS. 2 and 3 are desig 
nated by the same reference numerals. The steps shown 
in FIGS. 5a-5f utilize an N-channel silicon gate MOS 
manufacturing process. 

First, in FIG. 5a, a ?eld oxide (SiOZ) ?lm 52 is formed 
on the surface of a P-type silicon substrate 51 by a selec 
tive oxidation process, and a P-type channel stopping 
layer 53 is formed beneath the ?eld oxide ?lm 52 to 
isolate elements. 

Next, a ?rst dielectric layer 54, as a silicon‘: dioxide 
?lm, is formed to a thickness of about 2000 A on the 
surface of the silicon substrate 51 by a heat oxidation 
process. Then, a contact hole 58 is formed in the dielec 
tric layer 54 with a photolithography process to expose 
a selected surface of the silicon substrate 51. Further 
more, a polycrystalline silicon layer 55 is deposited to a 
thickness of about 3000 A on the entire surface of the 
dielectric layer 54 by a chemical vapor deposition 
(CVD) process and diffused with phosphorus atoms at a 
high concentration to convert it into a conductive layer, 
while an Ni‘ diffused region 71 is formed in the silicon 
substrate 51 (see FIG. 5b). 

Next, a common conductive plate 72 is formed by 
patterning the polycrystalline silicon layer 55 with a 
conventional photolithography, while an undesired 
dielectric layer 54 on the surface of the silicon substrate 
51 is removed. The conductive plate 72 is in ohmic 
contact with the N+ diffused region 71 (see FIG. 50). 

Thereafter, a second thin silicon dioxide ?lm is 
formed on the entire surface of the structure obtained 
above by a heat oxidation process, and a doped poly 
crystalline silicon layer is formed on the entire surface 
of the second dielectric layer by a chemical vapor depo 
sition process. Then, these layers are selectively re 
moved to form a second dielectric layer 56 and a con 
ductive plate 57, while the portion of the silicon sub 
strate 51 is exposed to form a MOS transistor structure 
(see FIG. 5d). 

Next, a third silicon dioxide ?lm is formed on the 
entire surface of the structure obtained above by a heat 
oxidation process, and then a third doped polycrystal 
line silicon layer is formed on the surface of the third 
dioxide ?lm. The third silicon dioxide and the third 
doped layers are subjected to a patterning process to 
form a gate oxide 59 and a polysilicon gate electrode 60 
(see FIG. 5e). The third doped polycrystalline silicon 
layer is used as an address metal line. N+ diffused re 
gions are also formed in the surface of the silicon sub 

5 

15 

20 

25 

30 

35 

40 

45 

55 

60 

65 

4 
strate 51 by implanting arcenic ions wherein the layers 
59 and 60 are used as a mask. The region 61 acts as a 
source region connected to the common conductive 
plate, and the region 73 a drain region. 

Next, an insulating layer 62 of phosphorus silicate 
glass, for example, is applied on the surface of the struc 
ture obtained above. A contact hole 63 is opened to 
expose the surface of the diffused region 73. Aluminum 
?lm is deposited on the entire surface of the insulating 
layer 62, and then etched off to form a metal bit line 64 
in contact with the diffused region 73. Finally, a surface 
protective ?lm (not shown) is applied on the surface of 
the structure obtained above. 
According to the embodiment described above, since 

two storage regions are formed in the form of a stucked 
structure and are connected in parallel to each other, it 
can provide increased capacitance value per unit area 
and strong noise immunity. 
Moreover, since one conductive plate of the upper 

memory capacitor is grounded and one conductive 
plate of the lower memory capacitor is connected to a 
substrate bias potential, the operating margin (so-called 
voltage bump characteristics) to the sudden variation in 
a power source voltage can be improved at the time of 
writing and reading operations. 
A silicon nitride may be used as a dielectric material 

for the upper capacitor C2 by itself or in combination 
with a silicon dioxide layer to obtain larger capacitance 
values. In this case, since the upper capacitor is not a 
MOS capacitor, the silicon nitride can be easily adopted 
without taking account of the interface energy level 
difference at the surface contacting with a semiconduc 
tor substrate. 
Such silicide having a high melting point as molybde 

num silicide may be used in place of polycrystalline 
silicon, lowering the electrical resistance of the address 
conductive line to make possible a high speed operation. 
What is claimed is: 
1. A method of manufacturing a semiconductor ran 

dom access memory element including a storage region 
in the form of a stacked structure and an N-type MOS 
transistor region on a surface of a silicon semiconductor 
substrate, said method comprising the steps of: 

(a) preparing a silicon semiconductor substrate of a P 
conductivity type; 

(b) forming ?rst and second ?eld silicon oxide layers 
on a selected surface of said substrate and a channel 
stopping layer of a P conductivity type beneath 
said ?rst and second oxide layers, said ?rst and 
second oxide layers de?ning said storage region 
and said N-type MOS transistor region to be 
formed; 

(c) forming a ?rst dielectric layer of silicon dioxide on 
a surface of said storage region; 

(d) depositing a polycrystalline silicon layer on the 
entire surface of said ?rst dielectric layer by chemi 
cal vapor deposition; 

(e) diffusing phosphorous atoms at a high concentra 
tion into said polycrystalline silicon layer to con 
vert it a conductive layer, while forming an N+ 
diffused region contiguous to said second ?eld 
silicon oxide layer and in said N-type MOS transis 
tor region; 

(f) selectively removing said conductive layer to form 
a common capacitor plate, one end of said common 
capacitor plate being electrically in contact with 
said N+ diffused region; 
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(g) forming a second dielectric layer of silicon diox 
ide on a surface of said common capacitor plate; 

(h) forming a second conductive plate of doped poly 
crystalline silicon on the surface of said second 
dielectric layer, said second conductive layer being 
in contact with a substrate bias potential; 

(i) forming a third silicon dioxide layer on the entire 
surface of the structure obtained by the step (h); 

(i) then forming a third doped polycrystalline silicon 
layer on the surface of said third silicon dioxide 
layer; 

(k) patterning said third doped polycrystalline silicon 
layer and said third silicon dioxide layer to form a 
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6 
gate oxide layer and a gate electrode in said MOS 
transistor region; 

(1) forming a source region extending from said N + 
region, said a drain region in said MOS transistor 
region; 

(m) applying an insulating layer of phosphorous sili 
cate glass on the surface of the structure obtained 
by the step (1); 

(n) forming a contact aperture in said insulating layer 
so as to expose a surface of said drain region; and 

(o) forming a metal layer acting as a bit line on a 
surface of said insulating layer, said metal layer 
being in contact with said drain region. 
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